The geometry and depositional history of the Maassluis Formation is described from an East-West oriented transect located in the west-central Netherlands and P-and Q-blocks in the Dutch offshore area. The Late Pliocene to Early Pleistocene Maassluis Formation was deposited under near coastal marine conditions. Two distinct facies are distinguished: (1) medium grained sands with a blocky GR/SP-log pattern that were deposited under intertidal and aeolian conditions and (2) medium to coarse grained sands deposited in a subtidal environment showing a clear coarsening upward trend. The lower part of the Maassluis Formation is laterally equivalent to the shallow marine Oosterhout Formation and gets progressively younger towards the West. The upper part is lateral equivalent to estuarine and mudflat deposits (Balk Member, c.q. Peize Formation) in the central part of The Netherlands and to river deposits (Peize Formation) further to the East.
Introduction
The sandy Maassluis Formation (Doppert et al., 1975) was deposited on the southern margin of the North Sea Basin, which is bordered to the south by the London-Brabant High (Ziegler, 1990) and to the north and east by the front of the advancing Eridanos delta system sourced by the Baltic rivers (Bijlsma, 1981; Overeem et al., 2001 ). Fig. 1 shows the onshore correlation line, the position of the seismic line used in this study and the direction of the main sediment supply of the Maassluis Formation.
According to Doppert et al. (1975) the top of the Maassluis Formation is marked by the uppermost occurrence of marine shells, the shells being absent (or locally reworked) in overlying fluvial deposits. The sediments of die underlying Oosterhout Formation have a smaller grainsize, an increased amount of glauconite and a different mollusc assemblage.
On the basis of borehole lithological descriptions, electric log patterns and biostratigraphical data (from the digital database of TNO-NITG, DINO) an eastwest oriented correlation profile (borehole Apeldoorn (33A192) -T h e Hague (30D206), Fig. 1 ) was constructed through the Late-Pliocene and Early Pleistocene deposits of the central Netherlands, using seven boreholes (Table 1, Figs 2a and b) .
The boreholes were all drilled using the airlift method (Oele et al., 1983) , except for borehole De Meern (31G147), for which the suction method was used.
The onshore correlation profile was extended into the North Sea P-and Q-blocks using shallow seismic line ind95-7 (Fig. 3) . The shallow seismic data al- lowed indentification of sequence boundaries and large-scale geometries and description of stratal patterns within the deposits involved. The shallow seismic line ties in, with a slight offset, with the Noordwijk borehole (30F470, Fig. 2 ).
Results

Onshore correlation
Based on the log pattern, the lithology and biostratigraphy of seven boreholes, the Pliocene to Lower Pleistocene was correlated. Figs 2a and 2b show the lithological and (partly inferred) time-stratigraphic correlation respectively. This latter correlation shows some clear trends in the sedimentary pattern, which is illustrated by the sedimentary trend seen in the FA2 foraminiferal zone (Fig. 2b , see Fig. 4 for a stratigraphic overview). This unit was deposited in a coastal environment with shell beds in the east, but grades into an open marine environment (e.g. Van Leeuwen, 1999; Munsterman, 1999) in the West (holes 30F470 and 30D206) where its log pattern shows coarsening-upward trends. The continuation to the West of this unit on the seismic profile is a clinoform extending with a gentle slope into deeper water (Fig. 3) .
The same happens at the base of the FA1 zone (Fig. 2b) , where the top of the unit is absent in the east, appears as a thin unit with shellbeds between 32F113 (Ermelo) and 32A335 (Baarn), and gets thicker and more clayey with coarsening-upward trends towards the West (30F470, 203 to approximately 307 m).
In the Den Haag (30D206) and Noordwijk (30F470) holes the Maassluis Formation breaks up into two distinct units ( Fig. 2a) with a blocky GR/SP log pattern of coastal sand at the top of the formation and a coarsening-upward log pattern interval of clayey and sandy clay units underneath. This too shows up in the offshore reflection pattern further west, with parallel reflectors sitting on top of the clinoform units (Fig. 3) .
Using the top of marine shell material of the Maassluis Formation as a marker horizon for the correlation of the borehole lithology shows that the upper unit of coastal sands in the west gives way to organic rich, estuarine or mudflat clays towards the east ( Fig. 2A : Balk Member, Peize Formation). This implies that a 'Zuiderzee' precursor lined with beach barrier islands existed when the top of the Maassluis Formation was deposited. Extrapolating this trend to less marine deposits towards the East we suspect that further to the East the mudflat/estuarine deposits may grade laterally into river deposits (Peize Formation). The marine sands of the lower unit (including those of the Oosterhout Formation) grade into coarser, coastal (Maassluis Formation) sands towards the east with hardly any intervening clay units left.
Offshore correlation
The pattern in Fig. 3 is a line drawing from the reflection pattern of seismic line ind95-7, which runs eastwest through the offshore Q-and P-blocks ( Fig. 1) and can be tied to the Noordwijk (30F470) borehole with a slight offset. It shows three distinct units.
Unit 1 is made up of a set of low-angle clinoforms with near parallel seismic reflectors building out to the West. Unit 2 on top of this has steeper clinoforms and a more complex internal reflection pattern, which progrades and backsteps over the previous unit. Unit 2 is capped by Unit 3, and is characterized by parallel continuous reflectors and a channelled base. This sequence stratigraphy related terminology follows Vail etal. (1977) . Unit 1, the low-angle clinoforms, is interpreted as the distal part of a highstand wedge formed by the prograding deltas of the Baltic (and to a lesser extent the Rhine) rivers.
Unit 2, the steeper angle clinoform unit, is interpreted as a lowstand wedge, where a drop of sealevel (river base level) caused rapid outbuilding of sediment wedges and bypassing of older sediments through incised river channels. The westernmost unit of these clinoforms seems to represent the transgressive system track, with continued outbuilding to the West but also onlap to the east onto Unit 1.
Unit 3 (with parallel continuous reflectors) is interpreted as representing the landward side of a highstand wedge, with coastal deposits such as beach, dune and marsh sediments (Jansen et al., 2004) . Both at the top and the base of this unit incised channels interrupt the parallel reflectors, indicating a relative base level (sea level) drop.
The correlation of the seismic line with our onshore correlation shows that the Maassluis Formation in the Noordwijk (30F470) borehole occurs in both Unit 1 and Unit 3, with Unit 2 being absent at that location. From the borehole we know that Unit 3 consists of coastal sand with a blocky log pattern and Unit 1 has open marine sandy clay and clay with coarsening-upward log patterns at that location. The onshore correlation shows that coastal (Maassluis) sands in Unit 1 are found further to the east and are therefore older than those found in the west (in Unit 3), separated by a hiatus, which lasted at least the time it took to deposit Unit 2.
Depositional model
The picture that emerges from the combination of the seismic line and the onshore correlation for the Pliocene to Early Pleistocene is that of a prograding system with open marine clays, overlain by shallower marine clays and sands, coastal sands, estuarine clays and ultimately non-marine deposits.
On top of the Miocene (where penetrated by the boreholes), some Lower Pliocene sediments (FB and FC foraminiferal zones) were deposited in the eastern part of our study area but not in the West (Fig. 2b) , followed by Units 1-3, i.e. the thick Oosterhout and Maassluis deposits of the Upper Pliocene and Lower Pleistocene (sensu Doppert et al., 1975) .
In a sequence stratigraphic sense, sedimentation seems to have resumed after the Miocene with some sediment of theTB-3.4 andTB-3.5 sequences of Haq et al. (1987) (Fig. 4) , i.e. from 5.3 to 3.9 Ma. Then, during deposition of theTB-3.6 toTB-3.8 sequences (foraminiferal zones FA2 and FA 1, 3.9 to 1.7 Ma) the accumulation rate increased dramatically.
Discussion
If we use the biostratigraphic age estimates from the Noordwijk hole (Jansen et al., 2004) , the base of the Berggren et al. (1995) . Benthic foraminiferal zones are after Doppert (1980) , mollusc zones are after Spaink (1975) and pollen zones are after Zagwijn (1998) . Sequence codes are from Haq et al. (1987) transgressive systems track. The regression, which caused the deposition of Unit 2, could be due to a Tiglian C4c pollen zone cold period (1.87 -1.91 Ma). This would mean that there is a hiatus of about 0.04 (duration of Tiglian C4c) to 0.18 Ma (to base Tiglian B) between Units 1 and 3 in the Noordwijk hole. Unit 3, the top coastal sands, would then represent the Tiglian C5 -Tiglian C6 pollen zones (the TB-3.8highstand). The Maassluis Formation increases in age towards the East, as shown in Fig. 2b . In the Apeldoorn (33A192) borehole area it ranges from Reuverian (FA2 foraminiferal zone, TB-3.6) to Praetiglian (as estimated from the correlation,TB-3.8) as opposed to the FA1 range in the West. In Apeldoorn it is part of Unit 1 and separated from the overlying unit by a hiatus approximately spanning top Praetiglian (2.4 Ma) to base TC5-TC6 pollen zones (1.85 Ma), that is 0.55 Ma.
Conclusions
least the Reuverian through to Tiglian stages (3.4 -1.77 Ma).
-The offshore seismic line shows that major parts of the sediment package are absent in the onshore area. These hiatuses cannot always be substantiated by biostratigraphical methods. -In the Noordwijk area a hiatus of 0.04-0.18 Ma between the upper and the lower part of the Maassluis Formation is inferred. In the Apeldoorn area the hiatus spans at least 0.5 Ma between the Maassluis Formation and the Peize Formation.
